This study examined the trends of rainfall and the intensity of drought during sowing season and mid-season of rice farming calendar in the rainforest belt of Nigeria using data spanning 52 years for five synoptic weather stations. The trends were investigated using simple linear regression and second order polynomial, while the significance of the trends was evaluated using Pearson's Product Moment Correlation. The drought intensities during the two seasons were computed as percentage derivations from the mean. Rainfall during the sowing season witnessed upward trends in Ondo, Port Harcourt, Benin and Calabar at annual rates of 0.450 mm, 1.005 mm, 3.581 mm and 2.144mm respectively with statistical significance in Benin (0.398, p<0.01) and Calabar (0.295, p< 0.05) while Warri witnessed insignificant decline at an annual rate of -0.525 mm. Rainfall in the midseason witnessed insignificant increase in Warri, Ondo, Port Harcourt and Calabar at annual rates of 0.096 mm, 0.118 mm, 0.172 mm and 0.016 mm respectively. Rain-days declined insignificantly in all the stations during the sowing season with the exception of Port Harcourt which witnessed significant decrease (-0.268, p<0.05) while mid-season rain-days declined in all the stations but only significantly in Warri (-0.301, p<0.05) and Ondo (-0.366, p<0.01). The droughts intensities varied mainly between slight and moderate intensities during the two seasons with pockets of severe and disastrous intensities in Port Harcourt and Warri. It was concluded that rainfall trends was upward in all the stations with the exception of Warri and Benin with declining trends during the sowing season and mid-season respectively while rain-days were decreasing in the two seasons coupled with droughts mainly of slight and moderate intensities. The study suggested an early rainfall forecast and timely irrigation for optimal rice production in the region.
INTRODUCTION
Climate variability remains one of the most critical determinants of inter-annual crop output, including high yield and technology farming regions (Kang et al., 2009; Craufurd & Wheeler, 2009; Zhao & Fitzgerald, 2013) . Meanwhile, changes in temperature and precipitation as a result of global climate change could have severe implications on hydrologic processes, water resources accessibility, irrigation water use, and thus upsetting agricultural production and output (Abeysingha et al., 2016) . Water availability has been identified as one of the threats to crop production and food security (Kang et al., 2009) . Relatively, only a four percent of the total arable land in sub-Saharan Africa is irrigated (ACPC, 2011) . This implies that agriculture is predominantly rain-fed which makes the sector particularly vulnerable to the vagaries of climatic variability and change.
Climate change is expected to threaten agriculture and established farming systems (Gornall et al., 2010) . While temperature is the most critical climatic determinant of the length of the growing in the temperate environment (Ayoade, 2002) , in the tropical region where Nigeria is located, rainfall is more cardinal. Although the surface location of the Inter-Tropical Discontinuity (ITD) is a relevant model for explaining rainfall pattern over the Nigeria landscape (Ilesanmi, 1971; Olaniran, 2002; Odekunle, 2009) , other mechanisms include Biogeophysical Feedback Mechanism (BFM), El Nino Southern Oscillation (ENSO) and Sea Surface Temperature Anomalies (Adebayo, 1999; Olaniran, 2002; Umar, 2010; Ati, 2010) .
Improved understanding of the influence of climate parameters on rice quality offers information for innovative breeding schemes to develop selections of rice modified to a changing global environment (Zhao and Fitzgerald, 2013) . Although several studies on crop-weather relations have employed crop-simulation models (Wart et al., 2013; Sultan et al., 2014; Lobell and Asseng, 2017) , crop simulation models based on General Circulation Models (GCMs) have high potentials at large spatial scales with limitations at regional and local levels (Koide et al., 2013) . Thus, an understanding of the influence of inter-annual climate variations on crop yields in different regions remains elusive (Ray et al., 2015) .
Rice is fast becoming a key food in many parts of sub-Saharan Africa due to due to increasing population growth (Kihoro et al., 2013 ). Nigeria's mean rice import was 5,680,600 thousand metric tons per annum between 1980 and 2013, while mean production was 8,587,268 thousand metric tons during the same period (Onu et al., 2015) . This implies that local rice production in the country is far below demand. Although the forest belt of Nigeria is particularly suitable for the cultivation of tree and tuber crops owing to the relatively high annual rainfall amount, the cultivation of grains such as rice also thrive in the region. Analysis of climatic parameters vis-á-vis rice production are largely savannah belts biased (Ayoola et al., 2011; Ayinde et al., 2013) . This study, therefore, examines inter-annual rainfall variability in the forest belt of Nigeria with a view to providing insight into prevailing environmental factors during the early and mid-season of rice farming calendar.
Study Area
The rainforest belt of Nigeria (Fig. 1 ) is warm and o humid with mean temperature of about 27 C and annual rainfall amount usually up to 2000 mm. The wet season lasts from March to October (Odekunle, 2004) . It falls within Köppen's Af climatic classification type. The vegetation is characteristically dense as a result of the high annual rainfall amount. Agriculture is primarily rain-fed and in addition to the prevalence of tree and food crops, pockets of rice farming occur in the region. The renewed national drive for selfsufficiency food production with particular emphasis on rice production is currently intensifying the rice farming throughout the country.
MATERIALS AND METHODS
Rainfall, temperature and solar radiation have been ranked as the most critical climatic factors in crop production (Nyang'au et al., 2014) . However, low temperature and solar radiation are not limiting factors to crop production in Nigeria as it is in the temperate region because of its location in the tropics where the sun is at its zenith virtually throughout the year. It is inter-annual rainfall variability both in terms of rainfall amount and its distribution (rain-days) that limits crop growth and yield inter-annually. Consequently, stationbased monthly rainfall and rain-days data for five synoptic weather stations (Warri, Ondo, Port Harcourt, Benin and Calabar) in the forest belt of Nigeria were analyzed in this study. The data which were collected from the archive of the Nigerian Meteorological Agency spanned a period of 52 years . The data were partitioned into the sowing season (April-May) and (June-July) in line with prevailing rice farming calendar in the region (Crop Calendar of Nigeria, n.d.). The trends of each of the climatic parameters during the two seasons were examined using simple linear regression and second order polynomial while the significance of the trends was analyzed using Pearson's Product Moment Correlation. Years constituted the independent variable while each of the climatic elements represented the dependent variable. The annual trends of mid-season rainfall and rain-days less sowing season rainfall and rain-days respectively were used to evaluate the sustained rainfall, and by extension, soil moisture during the mid-season. The annual intensities of droughts during the sowing and mid-seasons were computed as percentage derivation from the mean. The drought intensities were categorized as: 11-25 (slight), 26-45 (moderate), 46-60 (severe) and above 60 (disastrous).
RESULTS AND DISCUSSION
The annual trends of rainfall during the sowing season and mid-season of the rice farming calendar in the forest belt of Nigeria are presented in Fig. 2 (a-e). While negative annual trend of rainfall in the sowing season was witnessed in Warri during the period under consideration, Ondo, Port Harcourt, Benin and Calabar experienced positive annual trend of rainfall. In Warri, sowing season rainfall decreased annually at the rate of -0.525 mm but increased in Ondo, Port Harcourt, Benin and Calabar at the rates of 0.450 mm, 1.005 mm, 3.581 mm, and 2.144 mm respectively (Table 1) . However, during the midseason, only Benin witnessed negative annual trend of rainfall. Mid-season rainfall decreased in Benin at an annual rate of 0.876 mm while it increased in Warri, Ondo, Port Harcourt and Calabar at annual rates of 1.200 mm, 1.029 mm, 2.072 mm, and 1.696 mm respectively. The increasing trends of sowing season rainfall were only significant in Benin (r = 0.398, P < 0.01) and Calabar (r = 0.295, P < 0.05). The annual trends of mid-season rainfall in all the selected stations were not significantly different each other at p < 0.01. The trends of mid-season rainfall less sowing season rainfall are presented in Fig. 3 (a-e) rainfall is germane to the healthy growth and yield of rice. Since rainfall is usually higher during the mid-season (July-August) and even up to September when the ITD has attained its northernmost excursion (Ojo, 1977; Olaniran, 2002; Umar, 2010) , the declining annual trends of sowing season less mid-season rain-days might imply crop-moisture deficiency and need for irrigation. The intensities of droughts in the selected stations are presented in (Olaniran, 2002) . The incidences of droughts, especially during the sowing season which were characterized with erratic onset of the wet season (Atedhor, 2016) and particularly in Port Harcourt and Benin, also suggested the need for irrigation as alternative and/or a complementary source of soil moisture which is vital to crops growth and yield. According to Onu et al. (2015) , drought could therefore be considered as one of the non-price factors that affect local rice production in Nigeria and should be given priority attention in the short and longterm in order to attain self-sufficiency. Besides, the period of drought is often characterised with dryness and high temperatures. Yet increase in temperature beyond optimum level for rice production lead to decrease in yield (Nyang'au et al., 2014) . 
